In this study, the mode of groundwater level fluctuations is analyzed by statistical approaches for 51 monitoring wells located in a semi-arid basin in Beijing from 1998 to 2013. 
INTRODUCTION
Due to the ceaseless development of social economy, the deficit of groundwater resources has become a global problem (Solomon ) . The excessive exploitation in aquifers has caused the continuous decline of groundwater level and has also led to a series of secondary geological disasters. Groundwater level is one of the most important hydrologic elements of the aquifer, the spatio-temporal variability analysis of which could reveal the relevant information of the groundwater system (Machiwal et al. ) .
Due to the scarce rainfall, groundwater resources are very limited in arid and semi-arid regions. The increasing rise of demand on groundwater has posed a threat to the sustainability of groundwater resources. In order to reasonably utilize groundwater resources, groundwater level monitoring shall be conducted comprehensively in the long term (Esquivel et al. ) .
Currently, a variety of statistical analysis methods based on groundwater level records have been considered for groundwater depth forecasting and analysis, such as principal component analysis (PCA) (Yu & Chu ) , trend analysis (Mendizabal et al. ) , artificial neural network methods (Hosseini-Moghari & Araghinejad ), timeseries analysis, such as correlation and spectral analysis (Aflatooni et al. ) , as well as the moving average method (Mirzavand & Ghazavi ) . The features of the spatial-temporal distribution of groundwater level are affected by various factors, including groundwater exploitation, climate change (Venencio & García ) , the interaction with the surface water and tidal action in coastal aquifers (Wu et al. ) . The groundwater system, which is subject to the joint effect of natural conditions and anthropogenic factors, shows different patterns of groundwater level fluctuations in different areas of the alluvial plain.
Therefore, in order to reveal the amplitude of groundwater level variation in a hydrologic year, the relevant hydrology factors shall be applied to the different hydrogeologic conditions (Toews et al. ) .
However, the groundwater monitoring network is composed of only a few observations in many cases, the direct application of multivariate statistical analysis could not reflect precisely the distribution characteristics of groundwater level. Therefore, the interpolation of geostatistics shall be utilized to reveal the spatial distribution characteristics of groundwater level (Venencio & García ) .
The geo-statistics are mainly applied into the unbiased optimal estimation for the regional variables (Ghazi et al. ) and the structural characteristics analysis of timespace through variogram models. Among them, the interpolation of geo-statistics is a method to estimate the data in a contiguous area and predict the unknown points (the information of which is missing or cannot be obtained) with limited data sets (Triki et al. ) . This method has been widely applied in meteorology, hydrology, soil and 
STUDY AREA
Yanqing Basin, located in northwestern Beijing, China, is surrounded by mountains in three directions and is adjacent to Guanting Reservoir (Figure 1 ). The coverage area is 522.34 km 2 . The annual mean temperature is 8.8 W C, the annual average rainfall is 439 mm and the mean evaporation is 400 mm/a. The aquifers can be classified into two major systems, namely the unconfined aquifer system in the piedmont area and confined aquifer system in the front edge of the alluvial fan. The former changes from a single layer to a multi-layer of sand and gravel. The latter is a multi-layer structure with a fine sand layer covering it, and the underlying strata is 2-3 layers of sand and gravel ( Figure 2 ).
METHODOLOGY Data collection
Since the 1980s, due to the scarcity of rainfall and the increasing demands on domestic and industrial purposes 
Research methods
The approaches applied in this study are as follows: (1) apply the PCA to classify the different patterns of groundwater hydrologic features; (2) obtain the spatio-temporal variation features of the groundwater level using the Kriging defined as half of the incremental variance of random func-
where γ(h) is the variogram model; Z(x) is the random function; h is the distance between samples. Z(x)-Z(x þ h) is the spatio-temporal distribution difference of variables caused by h. When the time series of piezometric head is considered, Z is the groundwater level, and h is the time lag of the measured values.
Cross-correlation analysis
Generally, cross-correlation analysis, z xy (k), is used to analyze the causal relationship and the correlation degree 
where ρ y (k) ¼ cross-correlation at time lag k, k ¼ 0, ±1, ±2 … ± n time lag between the two series, x t ¼ observed rainfall at time t, y t ¼ observed water level at time t, μ x ¼ mean value of rainfall series, μ y ¼ mean value of waterlevel series, σ x ¼ standard deviation of rainfall series, σ y ¼ standard deviation of water-level series. Significant correlations at the 95% confidence level are taken to be those greater than the standard error ≈ 2 ffiffiffiffi ffi N p , where N is the number of values in the data set. This is effectively testing the hypothesis of no correlation and assumes that the variance is finite and normally distributed about a mean of zero (Keane & Adrian ) .
In this study, the auto-correlation analysis was applied to identify the structure and composition of the monthly rainfall, temperature and groundwater level time series separately, the time lag and the significant correlations were identified by the cross-correlation analysis.
RESULTS AND DISCUSSION
Classification of groundwater hydrographs 
Analysis of the spatio-temporal variability of groundwater level
The annual groundwater level satisfied normal distribution, and there was no apparent dominant trend observed. 
CONCLUSIONS
The fluctuation of groundwater level is affected by various factors, including hydrologic and anthropogenic factors.
The geostatistics method and variogram model are utilized mainly influenced by the seepage of the reservoir and sensitivity to temperature with a short time delay.
This study provides a series of effective methods for evaluating the features of long-term series groundwater level fluctuation and its responses to hydrological factors. Meanwhile, these results provide a scientific basis for the reasonable configuration and utilization of groundwater resources in arid and semi-arid areas.
